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INTRODUCTION 
In Oltenia, the western part of Roumania, there are three geo- 
logical regions: 

1. The mountains to the north, a part of the Carpathian chain, 
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formed by eruptive rocks, metamorphosed schists, and sedimentary 
deposits, the uppermost being the Lower Cretaceous, with a Flysch 
basin in the Olt valley, the basin Brezoi-Titesti. 

2. The high plateau of Mehedinti to the west, constituted by the 
same formation, but with small tertiary Neogene fjords and basins. 

3. The Tertiary foothills, with a characteristic depression near 
the mountains, the so-called Subcarpathian depression. 

The researches on Tertiary formations in Roumania have usually 
touched only casually the region west of the Olt River, and still less 
the Subcarpathian region between the Olt and Jiu Rivers. The 
valuable work by Fuchs, Foetterle, Tournoueri, Porumbaru, Fon- 
tannes, Toula, etc., refers in general only to the highest layers, Pontic 
and Levantine, of Oltenia; and even the extensive study by Sabba 
Stefanescu, on the whole Roumanian Tertiary, gives us very few 
facts about the northern part of this region, which appears as uniform 
and without interest. In this respect, however, we must remember 
the scattered observations by Gr. Stefanescu, and the study by K. 
Redlich, exhaustive on some points, which permit us to see how 
interesting a detailed study of this region might be. 

In this paper I propose to present the stratigraphical results of 
my researches, extending over five years in the complicated petro- 
leum and salt region, and over several years more in the mountains 
of Oltenia. The paleontological determinations, which throw light 
on and confirm my field observations, were made by Professors 
A. Koch, N. Andrussow, and W. Lascareff, to whom I here present 
my heartiest acknowledgments. 

THE NORTH ZONE OF THE TERTIARY OF OLTENIA 
BREZOI-TITESTI BASIN 

The earliest studies, especially by Gregoire 1 and Sabba Stefanescu, 2 
have presented the region west of Olt and south of the boundary 
of the crystalline formations, as constituted in its whole extent, 
right up to the Danube, by tertiary deposits only. Later Dr. K. 

1 Gregoire Stefanescu, Annuaire du Bureau geologique, annee 1882-83; Carte 
geologique de la Roumanie; Cours de geologic, 1891, etc. 

2 Sabba Stefanescu, Elude sur les terrains tertiaires de Roumanie, 1897; "Mem. 
sur la geol. du Jud. Arges," Ann. d. Bur. Geol. Roum., 1882-83; several notes in the 
Bull, de la Soc. geol. de France, 1894, etc. 
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Redlich 1 has shown that the marls, sandstones, and conglomerates of 
the Brezoi Basin, which on Gr. Stefanescu's map were figured with the 
color for Eocene with a point of interrogation, belong to the Senonian, 
the horizon with Inoceramus Cripsii; he suggested that similar 
formations lower than Eocene strata, in the neighboring Titesti 
Basin, might belong also to this horizon. 

1. It may be that the conglomerates above the Brezoi breccia, 2 
mica sandstones and marls, which form the mountains to the north- 
west of the Cozia Monastery and Sturii Olanestilor up to the Piatra 
Stogului, can be ascribed to the upper Cretaceous (Cenomanian 
upward). 3 I can adduce as evidence the topographic continuity of 
these deposits with the Senonian strata from the Brezoi Basin through 
the Stan valley, and the identical facies and composition of the 
rocks from these two places. These are: coarse conglomerates, 
shingle, and sandstones with crystalline rock elements at the contact 
with the crystalline foundation; finer sandstones and marls farther 
off from this contact. 

Stratigraphical and tectonical considerations speak even more for 
the synchronism of these deposits (see below). L. Mrazec, in a 
communication to the Society of Science (Bucharest, February, 1904), 
expresses the same hypothesis for the Brezoi breccia from the Arges 
valley (Capatineni) which underlie the Eocene strata (described by 
Sabba Stefanescu); K. Redlich makes also the same suggestion for 
representatives of the same breccia and conglomerates in the west 
of Salatrucu. The strata about which I am writing are lower than 
the horizon to which Redlich and Mrazec refer. 

I may add that many years ago I found at Vf. Candoaia on the 
mica schists transgressive siliceous mica sandstone like that from 

1 K. Redlich, "Geologische Studien um Gebiete des Olt- und Oltetzthales in 
Rumanien," Jahrbuck der k. k. geolog. Reichsanstalt, 1899. Three notes in Verhand- 
lungen, etc. 

2 A (Liassic ?) breccia which forms the foundation of the Brezoi Basin and the 
limestone, also the higher deposits on the Narutu, Sida, Foarfeca, Folia Mountains 
and the foundation of the sedimentary formations at the skirt of the mountains. G. M. 
Murgoci, "Calcare si fenomene de erosiune in Carpati merid." Bull. Soc. Sciences 
Bucharest, 1898. 

3 Suggested already by L. Mrazec and myself in "Muntii Lotrului," Bull. Soc. 
Ing. mine, 1898. 
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the Vasilatu valley (west of Brezoi), which has here and there traces 
of undeterminable fossils, but where Inoceramus can be distinguished. 
2. On the other hand, I do not think that the whole deposits from 
the Brezoi Basin are Senonian, but that the upper strata belong to 
the Eocene, corresponding to the Eocene strata from the opposite 
Titesti Basin. Dr. Redlich tells us that in the strata with Orbitoides 
(upon the sandstones and marls with Inoceramus), he has found a 
section similar to one of Nummulites; still more important evidence 
is revealed to us by the stratigraphy and facies of the deposits (Figs. 
1 and 4). 




Fig. 1. — Profile of the Lotru valley at Brezoi; 1 : 100,000. 
A*=Mica schist with p= pegmatite veins; B = Brezoi breccia; cr= Upper Cretaceous; g=sandstone 
and grit; m=marls and sandstone with Inoceramus Cripsii; eo=coarse conglomerates with Hippuriles 
limestone blocks; .F=iault. 

Omitting the consideration of the Brezoi breccia, we find that the 
coarse conglomerates, shingle, and sandstones with an intercalation, 
in the lower horizon, of a thick bank of marls and fine silicious sand- 
stones, bend themselves into small undulations, with an anticline 
more pronounced on the side of the Calimanesti valley. Between 
Brezoi and Valea lui Stan I can confirm a small syncline with many 
folds in the marls. The whole formation is inclined toward the 
southeast (angle variable from 30°-6o°), and it lies in obvious uncon- 
formability on the mica-schists and Brezoi breccia, which form 
klippes at the bottom of these deposits. A fault along the right bank 
of the Lotru has been confirmed by Dr. Redlich and myself at the 
same time. 1 

The marls, contrary to the interpretation of K. Redlich, consti- 
tute a horizon intermediate between the conglomerates and sandstones 
from the Vasilatu valley, which are rich in Senonian fossils, and the 
coarse conglomerates in the east of Brezoi, rich in huge blocks of 
limestone, with Senonian fauna. 

1 Loc. cit. (footnote 1, p. 672). 
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From the marly-sandy layers of the Stupinita ravine Dr. Redlich 
cited : 

Inoceramus Cripsii. Pecten inversum Nils. 

Orbitoides Faujasi Brown. Actinacis Haueri Rs. 

Orbitoides secans Leym. Avellana sp. 

Astrocoenia sp. Baculites anceps Lam. 

Serpula filijormia Sow. Anisoceras cj. subeonopresum Forb. 

He found in the blocks of a white, grayish, or reddish limestone, 
with red veins, a numerous fauna, among which are: 

Hippurites Lapeirousei Goldf. Lima divaricata Duj. 
Hippurites colliciatus Woodw. var. romanica. Lima inversum Nils. 

Orbitoides gensacica Leym. Gryphaea vesicularis Lamk. 

Orbitoides secans Leym. Exogyra sp. 

Lithothamnium cf. turonicum Roth. etc., etc., etc. 

Terebratula carnea Sow. And two new species: 

Terebratula biplicata Brocc. Terebratetta Mrazeki. 

Lima tecta D'Orb. Waldheimia Pascuensis. 

Dr. Redlich, considering that the conglomerates which contain 
these certainly Senonian limestone blocks underlie the above- 
mentioned Senonian marls and sandstones, expresses his opinion that 
these blocks are destruction products of a bank of Hippurites lime- 
stone which was formed within the conglomerates. But the con- 
glomerate layers with these interesting blocks overlie the marls and 
sandstones with Inoceramus Cripsii, 1 and I think I am making no 
mistake in saying that they are an Eocene formation. 

Besides the Nummulites indicated by Redlich in the lower strata, 
with Orbitoides, of this complex, I adduce the identity in constitu- 
tion and the continuity with the strata from the Titesti Basin, 
where in layers immediately on those banks of conglomerates Sabba 
Stefanescu and K. Redlich have collected abundant Middle Eocene 
fossils. 

Such blocks of Hippurites and Coral limestone are very frequent, 
not only in the Brezoi-Titesti Basin, but also in the Eocene conglom- 
erates, which form a zone from Arifu (Arges valley) at Salatrucu, 
Calimanesti, up to Cheia (Valcea). In the coarse conglomerates 
Sabba and Gr. Stefanescu have found also numerous Middle Eocene 
fossils. At Calimanesti-Salatrucu the conglomerates are overlain by 

1 hoc. cit. (footnotes 2 and 3, p. 672). 
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marls and sandstones similar as to fades and fauna to the upper 
marly layers from the Titesti Basin ; Redlich indicates, further, on his 
sketch an anticline between the Titesti Basin and Salatrucu Dangesti; 
this suggests to me that the marls from Titesti may be the same 
horizon as those from Salatrucu- Calimanesti, and then the corre- 
spondence between the conglomerates from Brezoi Basin and the 
similar ones from Arifu-Cheia would be even more obvious and 
unassailable. In this case the Flysch of Brezoi-Titesti presents the 
same character of facies which is described for the whole Carpathian 
Flysch; Cenomanian= coarse conglomerates; Senonian= marls and 
sandstones; Middle Eocene = very coarse conglomerates with huge 
Hippurites limestone blocks, etc. 1 

From these speculations it follows that the lower Flysch has made 
an anticline above the Narutu and Cozia Massif, which has been in 
parts sunk along the Lotru valley, eroded up the ridge, but traces 
of it were still left in the Valea lui Stan, the small basin at the Turnu 
monastery and between Baesti and Dangesti. 

TERTIARY OF THE SUBCARPATHIAN REGION 
In the foothills of Oltenia the Tertiary is represented in the whole 
of its development from the Eocene to the Pleistocene beds. Its 
general character here is a continuity of deposits, chiefly in the Olt 
region, from the Cretaceous up to the Levantine; but only a critical 
and detailed study of the strata, now violently dislocated, can reveal 
to us the early partially conformable succession. In the western 
part there may be observed the uninterrupted succession of deposits 
only from the Mediterranean Sea to the Levantine lake, and also a 
persistence of facies along the skirt of the mountains, the persistent 
strand of the sea. 

A. THE FLYSCH OF THE UPPER PALEOGENE 

On the geological map by Gregoire Stefanescu the Eocene forma- 
tions are drawn correctly in their extension toward the south; their 
edge passes near Suici (Topologu V.), enters into the 01 tu valley at 
Daesti, and runs with small undulations toward the west, reaching 

1 See about this question the masterly researches by V. Uhlig. A clear resume is: 
"Ueber die Klippen der Karpathen," Comptes Rendus, IX e Congres Geol., 1903 
Vienne. 
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Mirlesti-Petreni, where the deposits overlie the Jurassic massif of 
Bistrita. Between Cozia and the south boundary of the Paleogene 
formations I can distinguish three horizons. 

1. Lower, lying to the north of the line Dangesti-Calimanesti- 
Olanesti-bai-Cheia, a zone of sandstone with hieroglyphs and Strzalca 
structure, conglomerates, and a few marls with fucoids. In their 
highest beds the silicious conglomerates and grits contain, as men- 
tioned above, huge blocks of Hippurites limestone, which are to be 
found in every valley from Arifu up to Cheia. Orbitoides and Num- 
mulites (Nummulites Lucassana, N. perforata, etc.) have been found 
here, proving it to be the Middle Eocene. Last summer Gr. Stefa- 
nescu found at Calimanesti, in these conglomerates, Cerithium 
giganteum Lam., which was found also by Sabba Stefanescu at the 
prolongation of these beds at Salatrucu in the Topologa valley. 

2. Middle. — There now comes a zone of marls with a few sand- 
stone and sand beds, which give their character to a region of meadows 
between Jiblea and Cheia (the meadows of Jiblea, Calimanesti, 
Muereasca, Olanesti, Tisa, and Cheia). 

In repeated sandstone beds in the Puturosita ravine (Calimanesti) 
in the Purdoi bank and the Olanesti village, I have found 1 the follow- 
ing fossils, which are identified by Professor A. Koch of Budapest: 

Nummulites Bucheri De la Harpe Nodosaria latijugata Gumb. 
Nummulites Tournoueri De la Harpe Nodosaria baccillum Defr. 

Nummulites Budensis Hant. Heteroslegina sp. 

Nummulites aff. Madariszi Hant. Cidaris cj. subularis D'Arch. 

Orbitoides papiracea Boubee Maeandroseris ( ?) 

Orbitoides aspera Gum. Bourgueticrinus elipticus D'Orb. 

Orbitoides applanata Gum. Bourgueticrinus Thorenti D'Arch. 

Operculina cj. ammonea Leym. Bryozoa, Cidaris, Cerithium 

Alveolina cj. Bosci D'Orb. Cardium, Cardita, Ostrea, etc. 

From this fauna Professor A. Koch concludes that we have here 
to do with the Upper Eocene, but the presence of Operculina ammonea 
gives us a transition to the Middle Eocene, and that of Nodosaria 
latijugata and other fossils a transition to the Lower Oligocene. 
Sabba Stefanescu, who studied this horizon in the Topologu and 
Argesu valleys is similarly of opinion that this marly facies began to 

1 1 have described these localities in Gisements du Succin de Roiimanie. Assoc. p_ 
In. si Resp, Sciintelor, 1903, Mem. Congres Iasi. 
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be deposited at the end of the Middle Eocene and continued until 
the Oligocene. In this horizon there occurs the fossil resin of Olanesti 
(malul Purdoi) and Cheia. 1 

3. Upper. — We find in the southern region of Muereasca another 
zone of sand and shingle and limestone blocks with, at rare intervals, 
bands of conglomerates and sandstones. At Muereasca de jos I 
have found Nummulites and Orbitoides, which are indications of 
Oligocene, but characteristic of no particular horizon; probably we 
have here beds also of the Lower Oligocene. All these formations have 
in the Olt valley a direction southeast by east to northeast by east, 




Fig. 2. — Profile of the Blahnita valley. 
g=granite; e<?=Eocene conglomerate and grit with (H a S) sulphur and (o-) salt springs; /=Tortonian 
conglomerate and Lithothamnium limestone; s x = Lower Sarmatian; s a =Middle Sarmatian; p t = Lower 
Pontic with Valenciennesia; p 3 = Upper Pontic with Vivipara bifarcinata; /=Lignite seams; ^e=Levan- 
tine shingle. 

and dip south-southeast at a quite variable angle of about 40 . In 
the west of Cheia we find them running from east to west, and in the 
east of Dangesti also K. Redlich and Sabba Stefanescu report an 
east-to-west direction for these beds. Obviously the Paleogenic 
Flysch must make an interesting horizontal inflection in the Olt 
region. Insignificant undulations, but not folds, are also to be seen 
here and there (at Olanesti below the spas, etc.). 

We meet, further, with the Paleogenic formations in close rela- 
tion with the mountains only in the high plateau of Mehedinti, where 
they form a narrow zone westward from Baia de Arama up to Batta. 

B. THE PALEOGENIC KLIPPES OF SACEL AND SLATIOABA 

When we leave the Olt region, we find the Eocene appearing as a 
small but interesting klippe in the Blahnita valley at Sacel (Gorj.). 
It includes conglomerates, grits, and sandstones identical with those 
from Calimanesti (Valcea), inclined at an angle of 5o°-6o° toward 
the south-southeast, and constituting the bottom and walls of the 
valley, about 6oo m (Fig. 2). This cliff has been the subject of much 
discussion between Gr. and Sabba Stefanescu. 

1 G. M. Murgoci, Gisements du Succin de Roumanie. Assoc, p. In-Sciintelor, 1903. 
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The former geologist, although he did not find any fossils, con- 
sidered it, judging from the fades and occurrence, to be Eocene, and 
figured it as such on his map; the latter at first described it as Sar- 
matian, 1 but after the publication of Gr. Stefanescu's reply 2 changed 
his views and assumed the conglomerates to be Tortonian like those 
from the skirt of the mountains. 3 Some three years ago, however, 
I was fortunate enough to find here in the grit stratum below the 
Villa Speranta many imperfectly preserved NummuKtes and Or bi- 
toides (Orbitoides papiracea Boub.), and last summer I collected in 
the northern beds a large number of Nummulites, Orbitoides, Corals, 
Operculina (ammonea), Cidaris, etc., which would indicate the same 
horizon as at Olanesti-Calimanesti, the Middle Eocene in transition 
to the upper Eocene. But we must be wary, because these Eocene 
conglomerates are covered by transgressive beds of Tortonian and 
Sarmatian conglomerates (see below). 

Gr. Stefanescu figures on his map another still larger Eocene 
klippe at Slatioara, about which Sabba Stefanescu says nothing; 
on the several occasions of my visits to this point I have not been suc- 
cessful in finding fossils. However, I am inclined to believe that only 
the shingle beds and loose conglomerates which constitute the Magur- 
icea and both walls of the Cerna valley are Oligocene. Like the 
Sacel Cliff, these beds retain the same direction and inclination, and 
have the same constitution — crystalline schists, granite, white and 
reddish limestone, conglomerates, etc. — as the corresponding beds 
of the Olanesti-Muereasca. The Slatioara klippe is covered trans- 
gressively by the more recent strata of the salt formation and Pontic. 

(Fig- 3-) 

Mineral springs and natural gas. — The Middle Eocene conglom- 
erates are characterized by many mineral springs, salt and sulphur 
springs occurring in the bottom of almost every valley, and the foot 
of the klippes, the chief being Jiblea, Calimanesti (spa), Muereasca 
de sus, Olanesti (spa), Cheia, Dobriceni; Slatioara, Sacel (spa). 

Another line of springs is farther to the north at the contact of the 

1 "L'age geologique des conglomerats de Muntenia," Bullet, d. 1. Soc. geol. de 
France, Vol. XXII, p. 229. 

2 "L'age geologique des conglomerats de Sacel," ibid., p. 502. 

3 Sabba Stefanescu, Etudes des terrains tertiaires de Roumanie (1897), p. 112. 
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Cretaceous conglomerates with the crystalline rocks: Bivolari (hot 
springs), Puturoasa, Posta, Lacul Doamnei, etc. 

Between these two series of springs there is the widely known 
alkaline spring of Caciulata, on the bank of the Olt River. Most 
of these springs are very rich in emanations of gaseous hydrocarbons, 
there being up to 97 per cent. 1 methane, but only 2 per cent. H 2 S. 
While the origin of H 2 S can readily be explained from the occurrence of 
partly altered pyrites in the mica schists, 2 which are among the con- 
stituents of the conglomerates, the large percentage of methane is 
not easy to understand; though probably the springs are in relation 




F 

Fig. 3. — Profile of the Cerna valley at Slatioara. 
o/=coarse Oligocene conglomerate and shingle; cr*=lower salt formation (Burdigalian) ; ir 1 =Palla 
(Dacite tuff); <r=upper salt formation; s=Sarmatian; $=Mceotic and Lower Pontic marl and sand- 
stone with (J) Helix and Lymnea; i ? =fault. 

with petroleum-containing layers. The salt springs (Calimanesti, 
Slatiora, Sacel, etc.) indicate a salt deposit in connection with the 
petroleum, such as is usual in all petroleum regions. 

C. NEOGENE FORMATIONS, MIOCENE SERIES 

The lowest stage of the Neogene, the Burdigalian, was studied in 
the south Carpathians by Stur, Hoffmann, Koch, etc., at Petrosani, 
in Transylvania; by Gr. Stefanescu, Draghiceanu, Fuchs, and Sabba 
Stefanescu, at Bahna, Balta, Fantanele, etc., in Jud Mehedinti, 
where the I Mediterranean Sea deposits form smaller or larger basins 
in the crystalline zone. I have mentioned these deposits as occur- 
ring at the south of the Carpathians at Gura Vai on the 01 tu River. 3 

"Analysis by Gr. Pfeifer, "On the Olanesti Springs" (in manuscript); about 
Caciulata spring he has published his results in Bui. Soc. Sciinte Bucharest, Vol. Ill 
(1904). 

2 A sulphur spring occurs in the crystalline region of Puturoasa sub Pleasa in the 
bottom of the Romani valley; the mineral water comes from the red and brown 
altered, pyrites-bearing mica schists. Dr. Redlich cites a similar spring from the 
conglomerates of Brezoi (loc. tit.). 

3 Communication to the Society of Science (Bucharest, May 6, 1902); description 
in Gisements du Suctin de Roumame, 1903, loc. tit. 
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They consist of sands and loose sandstones, with large crystals of 
gypsum, and of a few sandy marls and conglomerates, and they lie 
conformably on the similar formations of the Oligocene. In a valley 
in the west part of the village of Gura Vai, I have found in these beds 
Cerithiutn plicatum Brug ( ?) var. papillatum Sabba), Cerithium mar- 
garitaceum Brocc, etc. 

I may add, as a result of my last summer's study, that the Burdi- 
galian layers of Fantanele, Ponoare, and Balta form a narrow con- 
tinuous zone, a Mediterranean fjord, in the high plateau of Mehedinti, 
The Bahna basin is of course the continuation of this zone, though 
separated by a strong later erosion. The layers of Ponoare, with 
some thin lignite seams, very often show a strong efflorescence of salt, 
etc., like those from Gura Vai. 

Bearing in mind the presence of Cerithium plicatum in the other 
basins, and of bituminous coal at Gura Vai, just as in Bahna, and the 
Balta, etc., Basin, and more especially noticing some nuances of 
Cerithium margaritaceum (to use Professor Laskaroff's expression), 
we have reason to consider these beds to belong to the / Mediter- 
ranean layers. They reach westward to Cheia, and on the east they 
cross the Olt and extend to Daesti, etc. Some salt efflorescences 
may be mentioned as occurring in the sand marls at the Bogdanesti 
bridge, etc. 

D. SALT FORMATION 

There follows on the Cerithium plicatum strata in the Olt valley and 
westward a complex of marly, sandy formation which often lies 
unconformably on the Oligocene, and which is characterized through- 
out its whole extent by a well-marked saline efflorescence, by salt 
springs, and by a dacite tuff, the palla of the Hungarian geologists. 
In the true salt formation I found no fossils, but some found in 
higher strata indicate either Tortonian or the lowest Sarmatian 
strata, so that the salt formation would be intercalated between the 
Burdigalian and the Sarmatian. It has two petrographical features 
of great importance — the repeated palla beds, and the great salt 
massif of Ocnele Mari. In his sketch Sabba Stefanescu figures the 
salt as Helvetian (Subcarpathian salt formation), but without further 
description. However, on considering facies, tectonic, presence of 
palla, and indications given by the salt, I came to the conclusion that 
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the whole formation was Schlier, and as such it was figured in the 
sketch of the salt formation by Mrazec and Teisseyre. 

Where the salt formations rest on the strata with Cerithium 
plicalum we cannot distinguish the exact limit of each, because, as 
mentioned above, they are in continuity; from Cacova up to Petreni 
the Schlier lies unconformably on the Oligocene, and at Bistrita on 
the Jura limestone. The prolongation southward is easier to define, 
because there the Sarmatian layers are rich in fossils. 

In the Subcarpathian salt formation of Oltenia we can distinguish 
two horizons very well characterized by two facies, which, contrary 
to received opinion, 1 are very similar to, if not identical with, those 
of the bend of the Carpathians, and especially of the Slanic basin 
and Trotusu valley. 

i. The lower horizon of the salt formation. — The lower horizon is 
of a sandy facies, with small intercalations of conglomerates, and 
bluish or reddish sandy marls corresponding with the reddish facies 
of the salt formation in the east. The colored bands of those deposits 
can be seen from afar in the walls of the valley and the river beds, 
viz., at Gura-Vai-Daesti ; along the Olt River between Bujoreni, 
north and south Fedelesoaia-Cetatuia, at Bujoreni, in the Trantu 
valley, Runcu, etc.; then at Govora Spa, Tomsani, Maldaresti, etc. 
Two small bands of palla of a fine grain, and with scales of hexagonal 
biotite, occur on the banks of the Olt, under the salt wells from 
Olteni. Between Bujoreni and Vladesti the salt formation is cov- 
ered by the marly facies of the Sarmatic layers, and can then be seen 
only in the beds of the valleys. At Runcu, at the head of the Trantu 
valley, this facies appears again very well marked, and with a large 
and characteristic palla bed. Here may be seen a variety of palla 
with very many foreign sedimentary elements, of the size of a hazel- 
nut. The water-worn constituents are of quartzites, sandstones, 
limestones, schists, etc. In the Olt valley the banks fall south- 
southeast, almost 30 , and in the west we find this formation much 

1 Messrs. Mrazec and Teisseyre, in their valuable research on salt formations in 
Roumania (Moniteur du Petrole roumain, 1902), dwelt just a little on this basin. It 
must not be forgotten that at that time neither the existence of the two horizons nor 
the extent of the salt formations was known. Palla also was not identified, but con- 
fused, as was the case with all earlier geologists, with the silicious calcareous marl or 
sandstone . 
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dislocated and folded, following the core 
of the two chief anticlines. (Fig. 4.) 

Some faults at Bujoreni-Fedelesoaia 
bring the upper formations (Sarmatian) 
in contact with the banded salt forma- 
tion. In the southern region, at Ocnele 
Mari-Govora, this horizon is constituted 
almost exclusively of sand with shingle 
and small banks of sandstone or con- 
glomerates; the deposits present here 
the character of a delta with violently 
rushing arms. 

A very interesting point of this hori- 
zon is at Casa Arendasului (Govora), 
where we find an intercalation of marls 
and more or less dissolved gypsum beds 
between the uniform sand and shingle 
strata. This horizon occurs in the mid- 
dle of an eroded anticline, and has often 
a lenticular form; it is limited here and 
there by faults. Northward from 
Govora Spa it touches and passes into 
the banded facies; at Aninoasa, south 
of Slatiora, it reappears with the delta 
or torrential facies. 

In the ravines of Ocnele Mari quan- 
tities of fossil debris may be seen, and 
I have found very many small Num- 
mulites and Orbitoides, all somewhat 
eroded. 

Nummulites was collected also from 
a conglomerate bank north of Govora 
Spa, also in secondary beds. In the 
ravines below Titireciu I found in the 
same torrential strata fossil debris in 
quantity, where Cerithium plicatum 
Brug., Cerithium lignitarum Eichw., and 
Corbula sp., could be determined. 



TERTIARY FORMATIONS OF OLTENIA 683 

These fossils show us that the lower horizon of the salt formation, 
with its sandy conglomerate facies, is the continuation of the strata 
of Gura Vai, and accordingly is to be classified under the I Medi- 
terranean Sea deposits. To the west of Govora Spa, at Folesti- 
Tomsani and Maldaresti, the layer with the banded facies is very 
thick, and though fossils are not found, it is not impossible that the 
lowest beds should belong to the Oligocene; the same arrangement 
is to be observed at Barbatesti, where the beds seem to be a continua- 
tion of the Oligocene strata like those from Gura Vai (Olt). In the 
Slanic and Trotusu Basins, and also in the north Carpathians (Gali- 
cia, etc.), this horizon of the Subcarpathian Miocene salt formation 
occurs, according to the description of Mrazec and Teisseyre, 1 
Zuber, 2 etc., similarly to the Oltenian one. 

The salt formations of the Olt region, and indeed the whole Sub- 
carpathian salt formation, have accordingly come down in the world 
as far as and including the Burdigalian. 

The occurrence of eroded Nummulites near Ocnele Mari-Govora 
is evidence that in I Mediterranean times a redeposition of Paleo- 
genic material took place; this view is supported also by the topo- 
graphical and stratigraphical relations of the two formations in 
contact. The conclusion from these facts is, as proved for other 
localities in the Carpathians, that at the end of the Oligocene, and 
beginning of the Burdigalian age there was an important dislocation 
in this region, more pronounced in the west at the contact with the 
skirt of the Carpathians. 

a) Petroleum and salt. — This formation is important, because in it 
we find: petroleum at Gavora Spa, and Ferbea; natural gas at 
Ocnele Mari, Teiusu, Gatejesti, 3 Pausesti, Barlog, Valeni, etc.; 
mineral wells, containing iodine, etc., at Gavora, Bunesti, etc.; and 
salt wells at Olteni, Govora Spa, Pausesti (de Otasau), Slatiora, 
etc.; and many localities with salt efflorescences. The petroleum 

1 Loc. cit.; Ueber die oligocen. Klippe bei Bacau," Verhandlungen d. geol. Reichs- 
anstalt, 1902. W. Teisseyre, "Die Geologie der Bacauer Karpathen," Jahrbuck der 
Reichsanstalt, 1897. 

2 Zuber, Geologic der Erdolablagerungen in den galizischen Karpathen, 1899. 

3 Some of these localities are mentioned by Gr. Stefanescu, Annuaire du Bureau 
geol. de Roum., I, p., 73 etc. (1882-83); and V. Tacit, "Regiunea petrolifera din 
Valcea," Moniteur du Petrol. Roum., 1901. 
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and natural gas occur here along an anticline dislocated by a fault 
which extends from Govora Spa to Otasani. 

That fault explains why at Govora Spa we have two wells, at a 
distance of a few meters only, with totally different mineral waters; 
one well is bored in the lower salt formation, the other in the higher. 

b) The Slatioara anticline. — We have stated that the shingle and 
sand with conglomerates was considered by Gr. Stefanescu to be 
Eocene, but from the tectonic and the facies it seems to me that the 
western part, at least, at Maguricea in the Cerna valley must be Oligo- 
cene. (Fig. 3.) The adjoining Sections (Figs. 5 and 6) summarize the 




D.Veda 
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Coada Magurei 




Fig. S and 6. — Sections through the Magura Slatioarei. The letters represent the 
same formations as in Fig. 4. 
A =thrust plane; F=iault; /=Mceotic (or Pontic) layers with Helix. 

stratigraphical and tectonical facts. At Maguricea, in the Moarea 
valley (Fig. 3), the lower banded facies of the conglomerates of the 
salt formation rests unconformably on the Oligocene shingle. While 
some sulphur springs with hydrocarbons originate in the Oligocene 
shingle beds, other ones, as well as the salt springs, come from the 
salt formations, which in the higher horizon contain an intercalation 
of palla. The continuation of palla on the north side of Maguricea 
and Coada Magurei indicates an old anticline. While at Maguricea 
the banded salt formation rests undisturbed above the Oligocene beds, 
in the east we find the whole salt formation folded and thrust south- 
ward, and a very obvious overlapping of the Pontic strata above the 
salt formation. This is well seen at Coada Magurei and eastward 
(Figs. 5 and 6) : there, over the folded marls with intercalations of 
palla covered by Sarmatian strata, come the Mceotic (or Pontic?) 
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conglomerates, sands and sandy marls, with Helicidae, inclined 
at 70 , and resting apparently with their end above the Miocene 
basis. Between Cerna valley and Coada Magurei there are very 
many ravines with beautifully exposed sections; in one the folding 
of the salt formation may be shown; in another, the overlapping of 
the Pontic folded strata over the salt formation. The Pontic strata are 
evidence here of a redeposition of the Oligocene, perhaps also of the 
Burdigalian beds (see general considerations). 

2. The upper horizon 0} the salt formation. — The upper horizon of 
the salt formation is formed by deep banks of green or gray marls 
and clays with Globigerina (Mrazec and Teisseyre), and repeated 
beds of palla, sand, and sandstone. The sand is better represented, 

N. 




Fig. 7. — Section through the Ocnele Mari salt basin. The letters represent the 
same formations as in Fig. 4. 

but the conglomerates all but wanting. It would correspond to the 
gray marly facies of the east and north salt formation. The depth 
of this formation is variable: At Ocnele Mari (Fig. 7), where a salt 
massif is intercalated, it is of considerable thickness; at Slatioara, 
however, it is not 50" 1 thick. This horizon is very well defined; as 
substratum we find often large quantities of palla, which here has, 
very rarely, an eruptive or crystalline facies. This palla is very fine, 
like pumice or chalk; in one place it is compact with conchoidal 
fracture, without stratification, but with fluidal zones, and of a white, 
yellow, or bluish color, and it is very similar to Trass; in another it 
is porous, friable, sandy, like tripoli, and not wanting in diatomaceous 
d6bris. All transitions can be found between true vulcanic dacite 
tuff or ash, and marl or sandstone, according to the percentage of 
foreign sedimentary elements which it may contain. That it was 
transported and deposited by sea waves is obvious. The calcareous 
variety is very rare (at Vladesti, Valcea); the sandy is the most 
developed. In its macroscopical and microscopical characters it is 
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similar to the Slanic and the Transylvanian palla. About the origin 
of this palla see below under " Pontic tuff." 

In Oltenia palla is a bed characteristic of the lower limit of this 
f acies ; I have followed it eastward over the Olt valley, and westward 
up to Slatioara. 

As hanging, the salt formation has thick banks of marls and sandy 
clays very finely banded, the gray or bluish Tegel of Austria-Hungary; 
the bands, which are sometimes as thin as a sheet of paper, arise 
owing to difference in composition, as well as difference of subse- 
quent alteration. This complex, the upper strata of which have 
intercalations of sandstone or sand beds, belong partly to the lower 
Sarmatian (Buglowian) with Syndosmya apelina and Ervilia pusilla. 

SSE 

Baleta M'™ Govora aitejest, Sunesti Cacova NJW. 



TH 

Fig. 8. — Profile of the Govora valley. The letters represent the same formations 
as in Fig. 4. 

g=gypsum bed; F = sand and grit with Cerithium plicalum; /^sandwith Ervilia pusilla; Z,=lignite 
layers. 

Near to the coast and to the old cliff there took place in these marls 
some intercalations of sandstone and conglomerates with vegetable 
detritus, and dark porous limestone or gray-bluish calcareous marls, 
smelling strongly of petroleum. We may consider all these latter 
formations as deposits from the II Mediterranean Sea. 

I have found no fossils in this horizon, but the deposits here are 
similar, as regards stratigraphy and facies, to the Tortonian deposits 
from the west, which are, according to their fossils, classified as 
II Mediterranean. 

Gypsum, which is very frequent in the other parts of the Sub- 
carpathian salt formation, is sporadic in the Oltenian one, and plays 
a secondary part. It comes in the higher part of this horizon of salt 
formation: at Licura (Stoenesti), Pausesti (Otasau), Barbatesti 
(Figs. 8 and 9) and Lacul Buha, and occurs as repeated layers between 
the marls and clays in relation with the bituminous limestones and 
marls. It everywhere undergoes changes, being dissolved or decom- 
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posed and forming sulphur. At Pucioasa 1 (Pausesti de Otasau), 
however, I believe that some small and beautiful gypsum crystals 
occurring in intercalated marls, soaked with S0 2 and water, have 
been formed recently. The gypsum from this horizon in Galicia, 
Podolia, etc., was classified by the Polish, Austrian, and Russian 
geologists 2 as belonging to the deposits from the 77 Mediterranean 
Sea. At Barbatesti I found blocks of Leithakalk in the neighbor- 
hood of the gypsum bed, and although the limestone does not occur 
as a bed, I think that the two formations belong together, the Leitha- 
kalk being immediately above the gypsum. 

Salt and Petroleum. — The salt formation of Oltenia contains one 
salt massif only, but a very large one, 7 km long, from Teiusu up to 



Pausesti Valeni Pelreni 




Fig. 9. — Profile of the Otasau valley. (The letters represent the same formations 
as in Fig. 4.) 

S = gypsum bed. 

Ocnele Mari. It is not possible to see the width, because the forma- 
tion is inclined, the depth being more than 300 m . It is the only salt 
massif in Roumania which shows the Jahresringe of anhydrite. It 
very often contains charred wood and nuts (walnut). A piece of 
amber is mentioned also as occurring here. The composition of the 
best quality of salt is up to 99.8 per cent. NaCl, the second quality 
contains up to 2 per cent, impurities, viz., CaC0 3 , 0.8 per cent.; 
calcium sulphate, 0.9 per cent.; and water, 0.35 per cent., according 
to the analysis by Dr. Istrati, Popovici Max. 3 Salt wells occur 

1 See my description of that locality in Zacamantul de Sulj de la Varbilau, by L. 
Mrazec, Mem. Assoc, de Sc. II. Roum., 1904, and Analele Acad. rom. 1905. 

2 Besides the interesting discussions about gypsum, and the Mediterranean 
deposits in general, by Teisseyre, "Bakauer Karpathen," Jahr. d. k. k. geol. Reichs- 
anstalt, 1897; Atlas geologique de Galicie, VIII, 1900, etc.; by I. Simionescu, "Tarmul 
Prutului; Geologia Moldovei intre Siret si Prut," "LaGeologie deMoldavie" (Annates 
scient. de I' Univ. I assy, 1903). I mention the valuable description and general 
review of this stage and gypsum in general by G. Mikhailowsky, " Die Mediterran- 
Ablagerungen von Tomakowka," Mlmoires du Comiti geolog., XXII, 4, 1903. 

3 See the description of Mrazec and Teisseyre, loc. cit. 
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frequently in Oltenia as in the eastern salt region ; they are arranged 
along three lines: (i) Daesti-Bogdanesti-Cacova-Dobriceni; (2) 
Ocnele Mari, Mt. Slatiora, Pausesti (de Otasau), Folesti, Otasani 
Aninoasa; (3) Teiusu, Petreni, Tomsani. 

They are accompanied by emanations of hydrocarbons. At 
Cacova we see a Ferbe (boiling) of natural gas, but no mud volcanoes. 
These emanations of petroleum gas come probably from the next, 
oil-bearing strata, the greater number from the Burdigalian forma- 
tion, the lower salt formation which shows an indication of liquid 
petroleum. Although the upper salt formation is both eroded, folded 
and faulted, and the anticlines are eroded down to the lower horizon, no 
trace of liquid petroleum is to be seen. At Pausesti (Otasau) many 
wells, and two borings of 327™ and 87™, were made; there was con- 
siderable escape of natural gas from below (from Burdigalian), but 
no petroleum; however, the work was neither good nor careful, 
otherwise petroleum would have been found; just as at Govora Spa 
the administration extracts quantities of petroleum from an iodiferous 
well bored in the lower horizon (Burdigalian) of the salt formation. 
The upper horizon of the salt formation in the Pausesti boring was 
i8i m thick; gypsum was met with at 56™. 

E. THE TORTONIAN STAGE 

Sabba Stefanescu and K. Redlich 1 have studied Tortonian deposits 
from the skirt of the mountains, but they did not mention them as 
occurring in the salt region. In the above description I have con- 
sidered as II Mediterranean deposits some sandstone conglomerates, 
dark or bluish, porous limestones, and marls, which alternate with 
the argillaceous marls in the uppermost horizon of the salt formation. 
Everywhere, where they occur, they smell very strongly of hydro- 
carbons. On the hill between Bunesti and Stoenesti they can be well 
observed ; they alternate with marls and thin strata of palla, and contain 
a small quantity of the elements of palla in their composition (Fig. 8). 
At Govora (spa and monastery), Pausesti (Otasau), Lacul Buha, and 
Bistrita they contain gypsum, or come into closer relation with beds 
of it. These bituminous marls and limestones correspond to the 
Nullipora limestone strata which accompany the gypsum of the 

1 hoc. cit. 
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II Mediterranean deposits in the east of the Carpathians (Galicia, 
Podolia, Bessarabia, and Moldavia). 1 K. Redlich has described the 
Tortonian deposits of Cernadia and Polovragi at the skirt of the 
mountains. He found at Cernadia two horizons: (1) Tegels with a 
rich fauna: Ostrea cochlear Polli, Pecten, cf. Reussi Horn, Nucula 
nucleus L., N. Mayeri Horn, Corbula gibba Olivi, Turritella bicari- 
nata Eichw., T. turris Bast., cf. terebralis Lam., Trochus sp., Natica 
helicina Brocc, Risoa Lachesis Bast., Ringula buccinea Desh., Mitra 
recticostata Belt., M. striatula Brocc, etc. (2) Above these tegels 
come conglomerates and limestone banks with a Leithakalk fauna: 
Lithothamnium ramosissimum, Alveolina melo d'Orb, Cerithium 
rubiginosum Eichw., Monodonta angulata Eichw. Pectunculus pilosus 
Linn., Coitus ventricosus Bronn., Vermetus intortus Lam., Rissoina 
pusilla Brocc, Cypraea sp., etc., etc. 

Both horizons belong to the Upper II Mediterranean deposits, 
equivalent to the Leithakalk of the Vienna basin, or to the deposits 
of Steinabrunn. Representatives of one or the other horizons I have 
found at Baia de fer, Racovita, Barbatesti, eastward from Cernadia, 
and in the Scarita ravine, Radosi, Carpinis, Crasna, 2 etc, westward 
from Cernadia, always along the skirt of the mountains. The 
Leithakalk facies is, however, better represented and developed. 
The blocks which I have found above the gypsum at Barbatesti 
contain a numerous fauna and are identical with those of Cernadia: 

Vermetus intortus Lam. Nucula nucleus L. 

Trochus cj. patulus Brocc. Chama sp. 

Pecten sp. Lithothamnium ramosissimum, 
Pholas sp. etc., etc. 

The Leithakalk and conglomerates do not, however, seem to form a 
horizon separate from the marly facies, but only a local phenomenon 
occasioned by the conditions of the sea and the coast. Westward 
from Jiu valley the II Mediterranean deposits were studied and 
figured by Sabba Stefanescu (Sketch 1). Dobrita and Suseni are 
points favorable for studying it. At Suseni especially above this 
complex of conglomerates and Leithakalk there comes a bank of 

1 See footnote 2 above, and L. Mrazec and Teisseyre, " Salzvorkommen in 
Rumanien," Zeitschrijt jilr Berg, and Hiittenwesen, 1903, p. 17. 

2 Some of these localities are described by L. Mrazec in "I Partea de E a Muntilor 
Vulcan," Bid. Soc. Ing. de mine, 1898. 
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Sarmatian conglomerates with a rich fauna, and above that an 
oolitic limestone with Congeries and Neritina, perhaps Mceotic strata. 
In general, along the skirt of the mountains from Barbatesti up 
to Baia de Arama we meet with a thick, persistent bed of conglomer- 
ates, shingles, and sand, in which we can determine Tortonian strata 
in some parts; in others, higher up, Sarmatian; and in others still, 
strata probably Pliocenic containing Unionidae and lignite layers. 
We must admit, then, that these conglomerates at the skirt of the 
mountains, with the character of cones of dejection, took their rise in 
the Tortonian and ended in the Pontic age. 1 I have mentioned that 
the Leithakalk does not form a separate horizon in the Tortonian 
deposits, but has been formed whenever the character of the sea 



Fig. 10. — Section of Eocene island of Sacel. 

eo = Eocene conglomerate and grit; <r=salt spring; /s=conglomerate and limestone from Tortonian 
into Sarmatian age; R=Lithothamnium and Serpula reef; s=unconformable sand and conglomerate in 
the lagoon of the Sarmatian Atoll; 6 = (boiling) hydrocarbon emanations; i ? =fault. 

beach of the II Mediterranean Sea has been favorable. The Tor- 
tonian and Sarmatian conglomerates contain very many bones of 
large vertebrates, which perhaps have been brought down by water 
from the continent. 

The most interesting point of the II Mediterranean Sea is at 
Sacel (Fig. 10). 

We have noticed above that in the Blahnita valley there arose an 
Eocene island; the Blahnita, a small river, cuts this island right 
through the middle, and through the part which is at present the 
broadest and highest, thus exposing a very instructive geological 
section. We see to the north of the spas, and also to the south of the 
island in Valea Dracoaia, Lithothamnium limestone and conglomerates 
which are like those from the skirt of the mountains, and which cover 

1 F. Toula has emphasized their resemblance to "Belvedere Schotter," of Pontic 
age. Jahrbuch jilr M. &° G. 1897. 
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the Eocene conglomerates unconformably. Around the Eocene 
island we see the Lithothamnium formations in the ravines which 
cut through the Sarmatian deposits down to the Eocene beds. On 
the summit of the Eocene island I found sandy limestone and con- 
glomerates with casts and moulds of fossils, indeterminable, probably 
Tapes. The beds which cover the island are certainly Sarmatian, 
because they are the prolongation of conglomerates, sandy and marly 
beds, in which Sabba Stefanescu 1 and myself have found many 
Sarmatian fossils. Besides the fossils obtained by Sabba Stefanescu, 
Professor Laskareff has determined, from my collection, Tapes 
gregaria Pt, and Mactra fragilis Lask., and concludes that we are 
dealing with the lower Sarmatian. These fossiliferous beds at the 
bottom of the valley do not lie directly on the Eocene conglomerates, so 
that the inferior marls, conglomerates, and dark Lithothamnium 
limestone may be Tortonian, as indicated by the facies. The struc- 
ture and arrangement of the formations around the Eocene island 
are the same as those described both for old and recent coral reefs, 2 
corresponding in particular with the formations "Miodobaren" of 
Galicia, "Toltry" of Podolia, and Stanca of north Moldavia. 3 We 
have, in short, around the Eocene cliff of Sacel a coral reef which 
began, like "Miodobaren," to form in the 77 Mediterranean Sea, 
and continued to grow in the Sarmatic. The lower layers, where 
they can be seen, are inclined quaquaversally : the higher strata, 
viz., sandstone, conchiliferous limestone, marls, with leaves of trees 
and bones of vertebrates, form a.n anticline, the core of which is 
composed of Eocene conglomerates. Northward we find, as shown 
by Gregoire Stefanescu 4 a syncline, followed by an inconsiderable 
anticline (Fig. 2). If we take into account the great amount of 
erosion of the Eocene beds before the Sarmatian deposits, and the 
very complicated outline of the Paleogenic island, which is covered 

1 "Sur 1'age des conglomerats de Roumanie," loc. cit. 

2 I mention here the valuable recent work by Saville Kent (Barrier Reef of Aus- 
tralia, 1893); Grabau (Paleozoic coral reef, 1903); Agassiz (Pacific c. coral reef, 1903). 
Branner (stone reef of northeastern Brazil, 1904); Funafuti (atoll, 1904); Skeats 
(dolomites of Tyrol, 1905). 

3 The extensive literature about these formations is summarized by Simionescu 
on the occasion of his study of Stanca, "Sur la geologie de la Moldavie," Annates de 
VUniversite de J assy, 1903. 

4 Loc. cit., Bull, de la Soc. geol. de France. 
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by limestones and conglomerates, and more particularly by a deposit 
occurring in some small old valleys, and consisting of sand and con- 
glomerate, quite unconformable both to the Eocene strata, and also 
to the Tortonian and Sarmatian beds, we come to the conclusion 
that there was at this point a little atoll of Sarmatian age. 

This enables us to explain why the Blahnita, a small river with 
little water, was able to cut its way right through the widest part of 
the very hard silicious sandstone and conglomerates of Eocene age. 
Other geographical facts can be similarly explained. 

The coral reef extends toward the east, where it is covered by 
later deposits, but at Bircei-Ciocadia it stands up from the eroded 
sandstones and marls as a high rock 4 km in length, consisting of a 
cavernous limestone with pockets and lenticular intercalations of 
sands and sandy marls, and seldom showing any organic structure 
such as Lilhothamnium. At Ciocadia, however, the whole rock is 
filled with tubes of Serpula gregalis; the limestone banks have here 
a lenticular form, and at some points end abruptly, limited by the 
undisturbed Sarmatian layers. We notice that the rock is identical 
with that of Toltry and Stanca in the north of Moldavia. The over- 
lying sandstones and marls contain a middle Sarmatic fauna; under- 
neath all this, in a ravine, hard, bluish, sandy marls were found, which 
alternated with bituminous marls, and in which I collected many 
tubes of Serpula and two petroleum-blackened fossils, probably 
Ervilia. We should thus have here the lowest horizon of the Sar- 
matian strata, and, if so, the beds underlying the coral reef would be 
Tortonian, as in the similar reefs in Podolia and Galicia. 

The petroleum which comes out here from under the coral reef, 
the emanation of natural gas (at Bircei, Valea Dracoaia, Maghiresti, 
etc.), and the mineral springs come probably from the Paleogenic 
island from which the Tortonian conglomerates, and also the cavern- 
ous limestone, have imbibed the hydrocarbons. The occurrence 
of petroleum at Bircei is one of the most interesting in Oltenia. 

F. THE SARMATIAN STAGE 

The formations belonging to this stage are well developed, and 
are considered by Gr. Stefanescu (with determination of fossils by 
Fontannes), by Sabba Stefanescu, apropos of the discussion about 
Sacel, and also by K. Redlich. I have found these deposits extend- 
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ing over a large surface in the Olt region, and also as lumps or patches 
on the salt formation of that region, and as a belt along the skirt of 
the mountains, where it can be seen in the valley wall of the rivers 
which have eroded the upper strata. Its occurrence around Sacel, 
with characters of great interest, has been mentioned above. 

In several places organic remains have been found, and from the 
fossils in my collection Professor Laskareff has been able to distin- 
guish three horizons, as in the south Russian Sarmatic: 

1. The lower horizon begins as a continuation of the marly facies 
of the salt formation; there are: bluish or grayish marls and clays, 
banded or compact, forming thick beds with small intercalations of 
sandstones. In the highest beds sandstone with sand and calcareous 
banks, and a few conglomerates, prevail. Here and there (Ramnic- 
Valcea-Pausesti, Suseni) there are bands of yellowish oolitic limestone. 
In the Olanesti valley, Sacel, and Voitesti we find round sandstone 
concretions, as described in the Sarmatian of Moldavia, Bessarabia, 
etc. 

a) The lowest layers in which I have found fossils are a thin 
sandstone stratum intercalated between the green marls from the 
northeast of Ramnicu Valcea, and overlying the levigated palla on 
the Oltu bank. 

Cardiwm Mthopodolicum Dub. Hydrobia Frauenfeldi Horn 

Trochus sp. etc., etc. 

In the green, banded marls which contain Lithothamnium nodules 
and veins, and which overlie the salt marls from Dobriceni in the 
Drogu ravine, and underlie the sand and sandstone banks from 
Smeuretu-Stoenesti, there occurs Syndesmya, cf. apelina Ren. 

At Titireciu, in a ravine cutting the folded salt marls and sand 
which have a well-marked salt efflorescence, and which lie immedi- 
ately above a bed of levigated palla (Fig. 8), I found in an inter- 
calation of sand: Emilia cf. pusilla Phil., Congeria cf. Sanbergeri 
Andr., etc. 

Ervilia pusilla denotes the lowest Sarmatian strata, the transition 
from Tortonian to Sarmatian— a stratum described exhaustively by 
Professor Laskareff at Buglowo 1 (southern Russia). Accordingly, 

1 W. Laskareff, "Die Fauna der Buglowka Schichten in Volhynien," Memoires du 
comite geologique, Nouv. Serie 5, 1903. Perhaps the limestone with Tapes vitaliana 
from Lacul Buha belongs also to this horizon. 
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the levigated palla would be Tortonian, as would appear also from 
the evidence given above ; and, what is still more interesting, the salt 
fades of the Oltenian Tertiary extends upward to the lower Sarmatian. 
Sarmatian layers with salt facies were mentioned also by Mrazec 
and Teisseyre in Distr. Prahova, Ramnicul sarat, Bacau, etc. 

b) Besides the above localities, the lower Sarmatian was identified 
in the sandstone facies at Buda, Inotesti, Pausesti de Olanesti, 1 
Negoesti-Petrari, Viezure, Tomsani, Govora, Sacel, etc.; it is a 
horizon (Volhynian according to Simionescu) well, characterized in 
Volhynia, Moldavia, and Bessarabia, etc., by Ervilia podolica Eichw. 
At various localities in this horizon I collected the following fossils: 

Maclra fragilis Lask. Spirorbis sp. 

Modiola marginata Eichw. Ervilia podolica Eichw. 

Modiola volhynica Eichw. Buccinum duplicatum Sow. 

Cardium protractum Eichw. Trochus sp. 

Cardium obsoletum Eichw. Melanopsis impresa Kraus. 

Cardium plicatum Eichw. Serpula spiralis Eichw. 

Cardium lithopodolicum Dub. Hydrobia sp. 

Cerithium disjunctum Sow. Dentolina 

Cerithium rubiginossum Eichw. Modiolae (Small) 

Cerithium mitrale Eichw. Gastropods (Small) 

Corbula sp. etc. 

The stratum which contains these fossils is always higher than 
that described under a). 

2. The middle Sarmatian (Bessarabian Sim.) is represented by 
beds of sandstone, sand, and conglomerates with shales, at Stoenesti, 
Buleta, Dianul (S. de Slatioara), at Marita determined by Redlich, 
Racovita, Polovraci, Ursani, Baia de fer, Novaci, Sacel, Surpati, and 
at Ciuperceni (in Oltetu valley), determined by Fontannes, 2 and is 
characterized by Maclra Fabreana d'Orb., Tapes gregaria Partsch, 
etc. I may here mention the conglomerates from Crasna, Suseni, 
Dobrita, at the skirt of the mountains which contain : 

Cardium protractum Eichw. Modiola marginata Eichw. 

Cardium lithopodolicum Eichw. Syndosmya rejlexa Eichw. 

1 Fontannes mentions some Sarmatian fossils from Ramnicul Valcei, Episcopia, 
Cetatuia, Glimboaca, etc.: "Faune malacologique tertiaire de Roumanie," Archives 
du Museum d'Histoire naturelle, Lyon, 1886. From Episcopia (Roumicu Valcei) he 
described Tapes gregaria var. Ramnicensis. 

2 From here comes Mactra Stejanescui. 
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Mactra Fabreana d'Orb. Morenstermia inflata Andr. 

Mactra fragilis Lask. Serpula gregalis, 

Mactra Neritina sp. etc. 

This horizon of the Sarmatian penetrates also into the Mehedenti 
Plateau at Tismana, Sohoholu, Baia de Arama, etc. At Tarnita 
(Baia de Arama) I found Cerith. mitrale, which demonstrates that the 
upper beds of the conglomerates, considered by Sabba Stefanescu 
to be Tortonian, must in part be classified as Sarmatian. 

3. The upper horizon (Kersonian Sim.) consists of sands, sand- 
stone and argillaceous marls; it is not rich in fossils. At Buleta, in 
calcareous conglomerates and conchiliferous limestone, I have found : 
Mactra caspia Eichw., M. bulgarica Toula, Cerithium disjunctum 
Sow. cf. Constantiae Sabba, Cardium sp., Hydrobriae, and Dosinia 
exoleta L. 

It is interesting to note that in the conglomerates and conchilifer- 
ous limestone at Titireciu there occur also Dosinia exoleta and 
Modiola Volhynica Eichw., var. minor Andr., etc., etc., which would 
indicate the first appearance of the Mceotic stage in this country. 

Toward the west I have found no evidence for the extension of 
the Mceotic assise in that direction. Possibly the beds with Helicida 
between the strata with brackish and subbrackish fossils, and the 
strata with Valenciennesia and Limnea, belong to the Mceotic stage; 
in Mehedinti similar marls with Globigerinae and Orbulinae were 
classified by S. Stefanescu and Fuchs as Sarmatian. 

In the middle and upper horizons of the Sarmatian (Aninis, Sacel, 
Buzesti, Surpati, etc.) many plant remains 1 and bones of vertebrates 
have been found. 

The mineral springs which appear in the Sarmatian at Pausesti, 
Costesti, Ramnic, Polovraci, Novaci, Maghiresti, Balanesti, etc., 
owe their salts and H 2 S to the pyrites and other minerals which occur 
among the shingle of the Sarmatian conglomerates and sand, just 
as is the case in the Eocene conglomerates. The emanations of 
natural gas in the Dracoaia valley, Maghiresti, etc., are very probably 
derived from the oil-bearing Eocene or Tortonian substratum. 

1 Some remains of plants collected by Gr. Stefanescu in this region were described 
by A. Marion and L. Laurent (Annuaire du Musee de Geologie et PaUontologie, 
1895). 
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G. THE PONTIC STAGE 

While we find Pontic formations with a well-marked fauna, north- 
ward from the Slatioara anticline, it would appear that they do not 
exist northward from the Ocnele mari anticline. At Fundatura, 
Smeuretu and Cacova we meet with some thick shingle beds without 
fossils and with a torrential character. They lie on top of the con- 
glomerates with shales and conchiliferous limestone of Titireciu, in 
which I found Dosinia exoleta and Modiola volhynica var. minor, 
indicating the uppermost Sarmatian, perhaps the Mceotic, so that, 
at all events, the highest shingle may be Mceotic or perhaps Pontic, 
but without certainty. To the west of the salt region the Pontic 
beds, after forming a bend around the Magura Slatioara island, are 
prolonged eastward as a gulf extending up to Bistrita Massif and the 
Carpathian Mountains. As to facies, the Pontic deposits are very 
variable. Along the skirt of the mountains and at Magura Slatioara 
they retain the facies of the cones of dejection, as did the Tortonian 
and Sarmatian deposits. It is of interest that in the lower strata of 
the Pontic, at Coada Magura, in the sandy marls intercalated between 
conglomerates and shingle, I have found Helicidae, which would 
indicate the presence of dry land in the vicinity. Teisseyre and 
others consider the Helix layers as Mceotic. 

Southward from Slatioara we have a uniform zone of yellow sand, 
with greenish or bluish marls and clays, and a seam of lignite, etc., 
which comes from the east, from Arges, and runs westward parallel 
to the skirt of the mountains, right up to the Danube in Mehedinti. 
In the Subcarpathian region, from Horezu westward up to Baia de 
Arama and even farther, the facies of marls, with small sand beds as 
bands, is the predominant one. At Novaci, Aninis, Porceni, etc., 
along the skirt of the mountain, we can convince ourselves that this 
facies is the somewhat distant continuation of the sand and shingle 
conglomerates of the cones of dejection. This is an important fact 
which explains to us the orographical and hydrographical conditions 
under which these formations, and the similar ones in the Sarmatian 
salt formation and even Burdigalian strata, have been deposited. 

The thickness of this facies is enormous, and constant in the Jiu 
valley and west of it. All the rivers — Gilortu, Jiu, Bistrita, and 
their affluents — have cut their beds deep into this formation. At 
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Targu Jiu a well was bored 250™ deep, and only fine banded marls 
were found, without any other rock, lower layers not being reached. 
Through the whole of its extent this facies contains very many 
Cypris and small Hydrobiae, and traces of plants, especially algse. 
In such deposits, or in their representatives among the conglomerates, 
I have found Unionidae and Congeriae in several localities, where 
Sabba Stefanescu and Redlich and I have also found Mactrae and 
Modioli, etc. Sabba Stefanescu has emphasized the fact of the 
mixture of the Sarmatian marine fossils with fresh-water species; 1 
and I agree with Andrussow and Laskareff in thinking that also in 
Oltenia the transition from the Sarmatian beds to the conformable 
Pontic ones is through the Mceotic layers. 

Westward from Oltetu I have found, in the lower marls and sand, 
the following characteristic Pontic fossils : Valenciennesiae, Limneae, 
and transition forms; then Congeriae, Zagrabica, Dreissensidae, 
Cardii, etc. (at Piticu, Pociovalistea, Huluba, Balcesti, Turbati, 
Targu Jiu, Dealul Targului, Barzesti, etc.). Among the marls 
there is a small bed or lenticular pocket of sand containing pyrites, 
which becomes changed, forming sulphates (gypsum, melanterite, 
epsomite, etc.) and iron oxides, etc. 

Iodine and mineral water also come from these beds. In the 
highest horizon of the marls we find Cardium Riegeli Horn., Proso- 
dacnae, etc. (Bengesti-Scoarta-Zorlesti, etc.). 

Eastward of Bengesti, up to Oltetu (Zorlesti, Sitoaia, Igoiu, etc.), 
the Pontic layers form a very flat anticline; there are deep banks of 
sand and shingle, sandstone and grit with Congeriae and Planorbis. 
Above this complex we have a bank of oolitic limestone full of Neri- 
iinae, Unionidae, Congeriae (and Dreissensidae?), etc. A similar 
oolitic limestone with Neritinae can be seen at Suseni above the 
Sarmatian conglomerates. 2 Above the oolitic limestone we find sand 
and marl beds at Negoesti-Rosia-Igoi, etc.; and then comes the 
lignitiferous zone with Vivipara bifarcinata, studied by Fontannes 
at Cucesti and Turcesti, Genuneni, Folestidejos, Berbesti, and by 

1 Palaontologie, Vol. II. 

2 This horizon resembles closely, as facies and fauna, that described as Mceotic 
by W. Teisseyre in the Buzeu district, Verhandlungen d. k. k. geol. Reichsanstalt, 1897. 
I am awaiting the determination of Professor Laskareff, which will solve the question. 
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S. Stefanescu at Seciurile, etc. At Cucesti and Slatiora I collected a 
fauna which was investigated by Professor N. Andrussow, who was 
good enough to communicate his results to me. He found: 

Dreissensia tenuissima Sinz Neritinae sp. 

Dreissensia Berbestiensis Font. Prosodacua Munieri Sabba. 

Prosodacra litloralis Eichw. Didacua placida Sabba. 

Vivipara bijarcinata Biettz. Limnocardium aff. ochelophorum. 

Vivipara Woodwardi Brus. Pyrgida afj. Siuzowi Andr. 

Vivipara Sadleri Partz Hydrobiae sp. 

Cardidae sp. Pisidium sp. 

According to the determination by Professor Andrussow, as he 
himself expresses it, this horizon contains a fauna with species char- 
acteristic of the blue clay facies from Odessa, and also species 
belonging to the upper layers between the Pontic and Psilodon assise. 
This horizon corresponds to the II horizon of the Pontic stage, accord- 
ing to the classification of Professor Andrussow. 1 Fontannes 2 and 
Sabba Stefanescu 3 classify the zone Cucesti-Berbesti among the 
highest layers of the Pontic (s. s.) stage, which is in accordance with 
my observations. Professor Andrussow adds, however: 

I have noted in several places (see in particular the synoptic tables in the 
Monograph of Dreissensidae) that the Roumanian Pontic stage does not quite 
correspond to the layers which are understood under this name in southern 
Russia, Austria, Austria-Hungary, and even in Italy. The lowest limit of the 
Roumanian Pontic — the Congeria layers — does, indeed, coincide with that of the 
south Russian Pontic, but the upper limit in Roumania is much higher than 
that between the Pontic and Levantine stages in Hungary and the southern 
Slavonic countries. Accordingly, the upper part of the Roumanian Congeria, or 
better Cardium layers, which are called Pontic by many authors, correspond to 
the deposits which in other districts are classified as Levantine. 

Southwest from Slatioara, on the highroad near Cerna, and at 
Cristanesti (north of Cucesti), I found in the maris an intercalation 
of sandstone and sand which, like the horizon from Bengesti, contains 
many fossils: Cardidae, Prosodacnae, Dreissensidae, Hydrobiae, etc. 

1 N. Andrussow, "Excursions dans la presqu'ile de Kertch," Guide geol. du Vile 
congres geol., St. Petersbourg, 1897, Fas. XXX; Die Neogen-Ablagerungen S. Russ- 
lands, 1901 and 1903. 

2 Fontannes, " Contrib. a la faune malacologique des terrains tertiaires de la 
Roumanie," Arch, du Museum d'Histoire naturelle de Lyon, Tome IV (1886). 

3 S. Stefanescu, loc. cit., " Etage pontic." 
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In the Cerna, under the bottom of the river, the complex of marls 
and sandstones, many banks of alternating sandstone and marls may 
be seen which contain beautiful leaves of trees and Helicidae and 
Planorbis. I may add that these strata are very probably the con- 
tinuation of the sandstone and oolitic limestone with rich mentioned 
fauna of the Sitoia anticline. These banks would correspond either 
to the Valenciennesia strata, or, according to Andrussow and Teis- 
seyre, 1 to a formation which in other localities lies on, or is in con- 
tinuity with, the Upper Mceotic assise. These Helicidae, and those 
from Coada Magurei, would indicate a former dry land in this region. 

The corresponding strata at Slatioara and Cucesti were bent into 
an anticline above the Slatiora island (Figs. 3, 5, 6); a part of the 
Pontic strata were thrust over the folds of the salt formation. The 
anticline produced toward the southwest can be made out in the 
Oltetu valley at Nicoresti-Cursoru, etc. 

1. Andesitic tuff of Gantulesti. — Of great importance for the Pontic 
petrography of Roumania is the occurrence of a lenticular bank of 
andesitic tuff at Gantulesti, between Madulari and Armasesti. The 
rock is porous, fine-grained, with sedimentary Schlieren, and with 
pseudo-Kaolinitic patches like the pseudomorphs of an unknown 
vanished mineral. Prismatic crystals of basaltic hornblende are 
scattered throughout the whole mass of the rock, while the glittering 
crystals of bytownite occur only in the white patches. The ground- 
mass is constituted by microscopical glass lapilli, and small crystals 
of hornblende, bytownite, augite, olivine, etc., show shining crystal 
faces (no, 100, 101, in, etc.), and form twins; and while the crystals 
of both are much cracked, we can still separate perfect ones up to 
2 mm m i en gth. 

By mixture with sedimentary elements, the tuff receives a water 
sediment facies, and becomes sandy or marly. 

The bank of tuff, about i m broad, runs eastward from the high- 
road some ioo m before it terminates; westward it crosses the river 
Cemazioara, and then is lost to sight because of the wood. Imme- 
diately above it we find marls and sands with Neritinae, large Hydro- 
Mae, Vivipara Woodwardi, Unionidae, Cardidae, etc., which corre- 

1 W. Teisseyre, "Die Helixschichten aus Buzau Distr.," Verhandlungen d. k. k. 
geol. Reichsantalt, 1899. 



700 G. M. MURGOCI 

spond to the horizon from Bengesti-Cristanesti, underneath the 
lignite zone of Cucesti-Berbesti-Seciuri. 

2. The origin of palla and andesitic tuff. — The same question 
arises here as in the consideration of the occurrence of palla. The 
structure of the tuff, unchanged for the most part, and the fact that 
the very fragile crystals are still perfect and undisturbed, are proofs 
that these rocks could not have been carried by water. It must have 
appeared at its present site, and undergone a redeposition at its' 
upper surface only. Accordingly, there must have been volcanic 
activity in this region at the end of the Pontic age, just as we find 
in Transylvania, where andesites appear in the upper Sarmatic and 
Pontic strata. It is curious, however, that no other sign of volcanic 
activity can be found here, except possibly the hot spring at Bivolari, 
and some S0 2 emanations at Pausesti, Maghiresti, etc. Probably 
the volcanic region was more to the south, so that its products and 
remains were covered by later depositions from the Pontic and Levan- 
tine lakes. If we admit the existence of a volcanic activity in Oltenia, 
as in Transylvania, in the Tertiary period, we can explain the occur- 
rence of the palla which occurs in such quantities at the convexity 
of the bend of the south Carpathians. 1 Professor Mrazec has 
described a well-preserved andestic tuff from the Bacau district, not, 
however, found in situ, but very interesting from our point of view. 
Professor Laskareff states that in my specimens containing fossils 
which come from Sacel, Buleta, etc., in the lower and upper Sarmatian, 
there are constituents of the material thrown out by a volcano. 
Accordingly, it is possible that in the concavity of this west bend of 
the Carpathians, Tertiary eruptions could have taken place, just as 
in Transylvania and in east Servia (Timoc valley). 

3. It may be of interest to mention some other geological phe- 
nomena in relation to the Pontic deposits, particularly the marls : 

a) Mineral springs at Balanesti, Pociovalistea, Ciocadia, Putul 
Balanescu, etc., whose origin from mineral containing sands I have 
mentioned above. 

1 To explain this palla, Professor Mrazec assumes a possible connection between 
the salt formation from Transylvania and Moldavia through the Oituzu valley, but 
he observes exactly in this region that palla is wanting. A connection between Tran- 
sylvania and Oltenia in the Pliocene age is less possible; but I must add that in east 
Servia, in the Timoc valley, dacite tuffs in the Mediterranean deposits were described 
by Zujovic (Annates geolog. de la peninsule Balcanique, 1900), etc. 
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b) Some mud volcanoes, the largest being at Serbesti, Basnesti 
Novaci, Tetila, etc. The numerous gloduri ("muds"), mud vol- 
canoes in miniature, are phenomena related to those of natural gas; 
they occur along three lines: (1) Cernadia-Carpenis-Tetila; (2) 
Pitic-Pociovaliste-Turbati-Lazaresti-Tetila-Arcani, Bala, etc. ; (3) 
Zorlesti-Balanesti-Preajba-T. Jiu, etc. 

c) Natural gas at Balanesti, T. Jiu, Barsesti, Lazeresti, etc. 

d) The occurrence of many beds of a red shale, natural brick or 
quite black or brown, porous hard stone like artificial basalt. They 
come in the immediate vicinity of the lignite seams, and are produced 
by the spontaneous burning of the lignite. 

e) Petroleum occurring in the highest layers at Balteni (Gorj) in 
the strata with Vivipara bifarcinata (loc. cit.). 1 

The petroleum emerges from sand and gravel beds in the Valea 
Pacurei ("Tar Valley") and at Lacul Sarat ("Salt Lake"), and 
has been worked many years ago. These oil layers are quite isolated 
from any other oil-bearing deposits or older formations : They have 
as underlying, thick banks of sand and marls, and also the lower 
marl horizon with Valenciennesia more than 250 111 thick. They are 
inclined at 15 toward the south-southeast, and prolonged eastward 
and westward over the whole of Oltenia. Neither a fault nor an 
important fold was observed in this horizon. 

There are two ways of explaining the occurrence of Balteni oil: 
(1) An underground infiltration from Paleogene or lower Miocene 
oil-yielding layers. Petroleum was found in the strata with Vivipara 
bifarcinata elsewhere also, and, for example, the Baicoi-Tintea- 
Gura Ocnitei zone (with a production of 7 per cent, of the whole 
production of Roumania). There petroleum was explained by L. 
Mrazec and Teisseyre as being in a secondary bed; it may be possible 
there, because that region is very folded and faulted, and the under- 
lying Mceotic assise is very rich in petroleum (87 per cent, of the 
production). 2 The Pontic region of Gorjiu is, however, undisturbed. 
An infiltration could be only through the southern end of the Pontic 
assise; in this case, why should not petroleum occur also in the 

1 Described by Gr. Stefanescu, together with some of the mineral springs of this 
region. 

2 Les travaux de la commission du petrole, I, 1905. 
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lower strata of the Pontic stage ? Balenescu at Targu Jiu, and 
Daniilescu at Barzesti, have made two borings (250™ and 8o m ) into 
the Lower Pontic ; strong emanations of hydrocarbons were observed, 
but no petroleum. 

(2) This petroleum may be in relation to the repeated underlying 
seams of lignite and the beds which are very rich in molluscan fauna. 
The lignite often burns spontaneously; at Turcesti, Rosia (Valcea), 
Rosia Amaradia (Jiu), Negoesti, etc., it is continually burning. Some 
seams of this lignite are very bituminous; when they burn, they 
increase from seven to ten times in volume, and they smell of bitu- 
men from afar; through their heat the adjoining shale and sandy 
marls, etc., are burned and metamorphosed. 

In general, the phenomena are similar to those described from 
the Californian oil region (Santa Barbara), but the metamorphism of 
the red shales, brown and black stones (like basalt or jasper), etc., 
of Oltenia is obviously due to the burning of lignite. 

I hope that the vegetable theory accepted and developed by Zuber 1 
for the north Carpathian oil regions will receive a contribution by 
means of these facts of Oltenia. The gaseous hydrocarbon from the 
Lower Pontic could have their origins in the large quantity of algse, 
plant, and fish remains which are abundant in the Valenciennesia 
strata. The oil from the upper strata arose, very probably, from the 
distillation of organic substance of the molluscan beds and lignite 
seams, by the burning of lignite. 

H. THE LEVANTINE STAGE 

The Levantine formations which occur to the south of the Sub- 
carpathian region have been studied exhaustively by Fontannes, 
Fuchs, Tournoueri, Porumbaru, Sabba Stefanescu, 2 etc.; accord- 
ingly I did not presume to repeat their observations. L. Mrazec 3 
has described a Levantine terrace along the skirt of the mountains 
westward from Jiu ; east of this valley it is not well marked. Accord- 
ing to the orography (terraces and peneplanes) in the high mountains 

1 R. Zuber, " Kritische Bemerkungen uber die modernen Petroleum-Entstehungs- 
Hypothesen," Zeitsch. j. prakt. Geologic, 1897, 6. 

2 See the discussion of this stage by Sabba Stefanescu (loc. cit.). 

3 L. Mrazec, "Les schistes cristallines des Carpathes meridionales," Comptes 
Rendus du Congres geol., IX, Vienne, 1903. 
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and high plateau of Mehedinti, it appears that this terrace may be 
older than Levantine, and may very probably be Pontic. Further 
it is possible that here, as in the whole Subcarpathian depression, 
the shingle which covers the highest river terrace, and the eroded 
ridge of the hills, may be Levantine. 

THE TECTONIC OF THE SUBCARPATHIAN REGION OF OLTENIA 
1. General consideration of the Tertiary formations. — A comparison 
of the Tertiary formations of Oltenia with those from the east and 
north sides of the Carpathian Mountains 1 will give us a clear idea of 
the past of this region. 

The Cretaceous and Lower Eocene Flysch shows here almost the 
same fades and the same relation to older klippes as in the north and 
east of the Carpathians: a torrential period (Cenomanian and Tura- 
nian), with deposits of coarse conglomerates, and coarse shingle con- 
sisting of crystalline rocks; a period of comparative rest (Senonian 
to Middle Eocene), with the deposition of layers of marls and sand- 
stones with Inoceramus, corresponding to a period of upheaval of 
the region ; and then another torrential period (end of the Middle 
Eocene), with deposition of conglomerates and shingle with large 
blocks of coral limestone with Hippurites. The fades of all these 
formations are similar around the Carpathian bend, 2 the lower horizon 
corresponding to the Bucegi conglomerates. 

1 I take into consideration this region of the Carpathians, because our region is its 
natural continuation. The Transylvanian Basin, which is very similar to, and syn- 
chronous with the formations of Oltenia, was separated, however, from them by the 
south Carpathians, Although in the Mehedinti plateau, and in the Carpathians of 
Banat, Miocene basins are frequent, I believe that an open communication in this 
direction between the Miocene sea of Banat and Oltenia did not exist; the geologists 
of Servia (Radovanovic, Pavlovic, etc.) have shown that the Neogene fauna of northern 
and western Servia, like that of Banat, bears a relationship with the Panonian Neogene 
one, while the Neogene fauna of eastern Servia (Timoc valley) and Bulgaria is very 
similar to that of the south Russian Tertiary. The Oltenian Tertiary region is the 
northward continuation of the Servian, and its similarity with that of Russia has 
already been mentioned several times in this description. 

2 The explanation of the klippes and Flysch in the north and east Carpathians 
was given by V. Uhlig. His very appropriate hypothesis has received many confir- 
mations through the researches of the study by L. Mrazec, Teisseyre, Sava Atanasius, 
Simionescu, etc., in the Carpathians of Moldavia and Muntenia. It is pleasant for me 
to be able to confirm the fact that the theory of the Carpathian savant is applicable 
in Oltenia also. 
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The upper deposits of the Flysch no longer show the same facies 
as in the east. While the lower strata still show some similarity of 
fauna, neither the green conglomerates (a local facies in the east) 
nor the characteristic menilitic schists, or the Kliwa sandstone is seen. 
I have shown elsewhere 1 that the upper deposits of Muereasca- 
Olanesti correspond to the Targu-Ocna strata; another point of 
similarity would exist if my suggestion, that the Eocene layers of 
Oltenia should have salt and petroleum, should hold. 

As for the Miocene salt formation of Oltenia, its similarity with the 
east and west salt formations, and more especially with the Slanic 
and Trotus Basins, may be clearly seen from the above. I have 
shown that the Oltenian salt formations consist of two horizons: 

a) Conglomerates, shingles, and sand, with less important colored 
marls, gypsum, and palla, belonging to the / Mediterranean Sea 
(Burdigalian and perhaps Helvetian in parts). Its constitution 
shows a coast and lagoon facies, and its relation to the Oligocene 
layers — in some localities conformable, but in others unconformable — 
and more particularly the occurrence of water-worn Nummulites, etc., 
are evidence for the regression of the Flysch Sea, and the beginning 
o] the Mediterranean Sea, at the end of the Oligocene, with other shores. 

The reddish facies of this horizon, with its gypsum and marls, 
represents a deposition at some distance from land; both facies 
correspond, as regards position and stratigraphy, with the similar 
formations of the Slanic Basin. 

b) The upper horizon, gray-bluish marls with Globigerinae, lies 
above the Burdigalian in the Oltu valley, and, like the deposits of 
the Slanicu and Trotus Basins, is a deposition far from the Flysch 
shore. The palla characteristic for the Subcarpathian Miocene salt 
formation is represented, perhaps even more abundantly, to the 
west of the Olt River. It appears with the banded facies of the 
Burdigalian, and continues up to the upper Tortonian, like that of 
Transylvania. There are two kinds of palla; a genuine tuff with 
an eruptive crystalline facies predominant, and a levigated palla, like 
Trass, with a sedimentary facies predominant, just as was observed 
in the Slanic Basin. 

Gypsum is also represented in Oltenia, and comes in the upper 
1 Cisements du Succin de Roum., 1902. 
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layers of the salt formation, very probably constituting a deposit 
from the II Mediterranean Sea, as in Moldavia, Bucovina, and 
Galicia, etc. 

The alternation of the salt marls and palla beds with bluish marls 
and black cavernous bituminous limestone, perhaps containing nulli- 
para, bituminous sandstone, and gypsum, is evidence that the Schlier 
facies includes the deposits from the 77 Mediterranean Sea, as was 
suggested by Hilber, and more recently by Mrazec and Teisseyre. 
On the other hand, the occurrence of salt marls and sand which, near 
Titireciu, lie immediately on the levigated palla, and which contain 
Emilia pussila, Syndosmya apelina, etc., demonstrates to us the 
continuity of the Mediterranean lagunar facies, in Oltenia at any rate, 
with the lower Sarmatian, the Buglowian assise belonging also to the 
salt formation. 

But while in the center of this region the marly facies predominates, 
at the skirt of the mountains we find a very gradual transition to the 
Sarmatian through the Tortonian, with its alternating layers of 
limestone and calcareous conglomerates. An important confirmation 
of this continuity is the retardation of the facies westward. Even 
the middle Eocene conglomerates and grit of Salatrucu have at Sacel 
an Upper Eocene fauna, like that of the marl facies of Olanesti. 
The banded facies of the salt formation is apparently deposited at 
Barbatesti, Titireciu, Tomsani, and Otasani well into the Tortonian 
age, and the marl facies appears as part of the lower Sarmatian. 
Mrazec and Teisseyre have mentioned Sarmatian layers with salt 
facies (Prahova R. Sarat Bacau), and Ion Simionescu noticed the 
same behavior for the marly facies which comes under the Moldavian 
Sarmatian. 

There is an obvious conformity between the two salt facies, 
although there are intercalated beds of palla. At Dianul and Otasani 
there follows on the salt marl a complex of marls, sands, sandstones, 
and calcareous marls, and above them all, conglomerates with Mactra 
Fabreana. 

If we assume the same geological conditions for the Ocnele Mari 
Basin as for the Slanic one, the question would arise : What formed 
the south shore of the lagoon? It could not have been the line 
between Slatioara and Sacel, because the salt formation occurs also 
to the south of the Slatioara anticline. The torrential shingle and 
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conglomerates, however, which near Ocnele 
Mari-Govora contain eroded and water- 
worn Nummulites, Cerithium plicatum, etc., 
and which are separated from the moun- 
tain deposits by a zone of the banded facies 
20 km broad, could not have been brought 
from the north; they must have been car- 
ried from the south, where, accordingly, 
there must have been a broad dry land. 
The reduction in size of the salt formation 
southward from Slatioara, the occurrence 
of conglomerates, limestone (with Lithoiham- 
nium) at Govora, Otasani, and more particu- 
larly the coral reef (barrier reef) of Bircei- 
Sacel, indicate the proximity of the seashore 
at this point; the presence of Helicidae and 
Planorbis at Slatioara in the Mceotic (or 
Lower Pontic) is further evidence that dry 
land had again appeared at this time. The 
absence of the lower Pontic in the Olt region, 
and the occurrence of the andesitic tuff in 
the Upper Pontic, show that this dry land 
extended eastward from Slatioara. At Mar- 
culesti (on Baragan) in a deep boring, the 
Sarmatian has been found resting directly 
on the Cretaceous. The paleogeographical 
conditions of this region are represented in 
Fig. 11. 

Accordingly, the Mediterranean Sea must 
have sent a gulf along the Carpathian 
Mountains, and later the country to the 
south of them was covered by brackish and 
fresh water from the Sarmatian and Pontic 
to the Levantine age. Slatioara and Sacel 
formed islands, and east from Sacel various 
organisms built up a barrier reef, as a pro- 
longation of the Podolian-Moldavian Toltry. 

From the Tortonian age on, the Oltenian 
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deposits are almost identical with those from the north Moldova, 
Bessarabia, and Volhynia. The Buglowian strata, intermediate be- 
tween the Tortonian and Sarmatian, are, also represented in the Olt 
region, but with a degenerate salt facies. 

The Oltenian Sarmatian is more complete than that from Moldavia; 
we can distinguish the three horizons which are described in Bessa- 
rabia, and Volhynia. The upper Sarmatian is not well developed, 
and is perhaps continuous with the Mceotic strata (at Buleta there is 
Kertch limestone). It is of interest to note that where the Mceotic 
appears, we do not find the Lower Pontic layers, while in the west 
it runs to a considerable thickness. I may further add that below 
Baragan only the Upper Pontic is well marked. 

I now summarize the above results in the following synoptic table. 

2. Dislocations. — A consideration of the above geological sections, 
and an inspection of the adjoining sketch, will give a good idea of 
the structure and tectonic of the Subcarpathian salt region of Oltenia. 
We have there a characteristic layer, the palla, which is easy to recog- 
nize and to trace, which appears in almost every valley, and which 
I have attempted duly to emphasize in my sections. Accordingly, a 
detailed description will be unnecessary. The epochs of movements 
coincide with those sketched by Sabba Stefanescu in his monograph 
on the Tertiary of Roumania, and confirmed by L. Mrazec and 
Teisseyre in subsequent researches. 

Between the Upper and the Lower Cretaceous a series of move- 
ments and dislocations, similar to that described for the northeastern 
Carpathians, occurred in the Carpathians of Oltenia. It would seem 
as if in the southern Carpathians the movements had been more 
violent and intense; there is evidence to show that that part of the 
crystalline mountain region north and eastward from Polovragi was 
thrust over onto the western portion, just as the scales of a fish move 
one over the other. 1 

The edge of the upper scale would coincide now, after much 
erosion and dislocation, with the southern skirt of the mountains, 
the contour of the Mesozoic formations of the mountain region. 
Magmas coming from below have cemented together the two sur- 

'See on this question: G. Murgoci "La grande mappe de charriage dans les 
Carpathes meridionales." Comptes Renins de I'Academie des Sciences. Paris, 1905. 
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faces of contact, so that now only an inspection which is at once 
exhaustive and carried out throughout a large area can reveal the 
true position of the Cretaceous formations in the Carpathians. After 
these movements, the sea, which had deposited the Carpathian Flysch, 
penetrated into the heart of the crystalline region, and took possession 
of the Brezoi and Titesti Basin. The movements which agitated 
this region between Tortonian and Eocene times reappear with more 
intensity at the end of the Oligocene period. At this time probably 
there arose the Narutu-Cozia anticline, a subsidence with a fault 
along the north side of the Narutu-Cozia Klippe, also many undula- 
tions in the deposits of the Brezoi-Titesti Basin. At the margin of 
the Carpathian bend the phenomena were more intense; along the 
present skirt of the mountain an extensive subsidence occurred, 
forming a geosyncline between Bistrita-Polovragi-Novaci-Bumbesti- 
Baia de Arama, and Slatioara-Sacel, etc., and also a depression in the 
Arges-Muscel region. The retreating Flysch sea takes on the char- 
acter of a Mediterranean Sea in the Olt region, and we have here the 
same geological and chemical phenomena as in Galicia, Muntenia, 
and Transylvania, viz., deposition of salt, gypsum, etc. 

It would not surprise us if at the south coast of the sea there could 
have been found the open vents of volcanoes, as is also the case in 
Transylvania and Servia. These volcanoes could have furnished 
the ashes and tuffs of the Subcarpathian salt region. 

It is noticeable that we have here a bend of the Carpathians just 
like the one found in eastern Transylvania, which was characterized 
by volcanic eruptions in this age at the south part of this bend. In 
the Timoc valley (eastern Servia) dacite and andesite lavas appeared 
also in that age. 

At that time the orographic outlines of the high Carpathians were 
already fixed. As for the rest of the Roumanian hills and plains 
region, it probably formed the continuation of the Dobrogean and 
Bulgarian plateau. The present skirt of the mountains had been 
uninterruptedly a seashore from the first Mediterranean Sea until 
the end of Pontic times. 

As the southern margin of the sea, we know only that eastward 
from Sacel a barrier reef developed, identical with that from northern 
Moldavia and Galicia. 
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Both at the beginning of and during the Sarmatian age some 
changes took place in the Olt region ; here we find the Lower Sarma- 
tian wanting, there the Upper, and in the higher deposits of the 
Sarmatian and Mceotic we find gypsum and blocks of palla. The 
sea also becomes of different character in different parts ; in the Olt 
region subbrackish water, with Dosinia exoleta and Modiola var. 
minora, predominates; in the west the water becomes fresh, and 
Valenciennesia and Limnea appear. 

These dislocations are contemporaneous with the large Danube 
fault; subsequently Pontic waters invaded the hollowed-out ground, 
forming a lake and depositing layers several hundred meters thick. 
At this time some volcanic activity made itself felt. The epoch of 
the most dislocations and folds which are figured in the adjoining 
map is posterior to the time of Vivipara bijarcinata. 

After the deposition of the lignite seams, the syncline Rimnicu- 
Horezu-Piticu became accentuated, 1 between the anticlines Fundatura 
and Ocnele Mari. In the anticlines many fissures and land-slips 
have formed. The chief faults are: (1) Dosul-Fundatura-Bujoreni- 
Runcu; (2) Govora-Maldaresti ; (3) Stoenesti-Titireciu-Vladesti- 
Ramnic; (4) Slatioara with a thrust of the Pontic layers over the 
folds of the salt formation. As secondary anticline I may note the 
Buleta-Serbanesti one. 

At the same time, the Sacel region became faulted and corrugated, 
intercalating the anticlines between the mountains and the Slatioara 
anticline, of which the most important is the southern one. Small 
the faults can also be recognized (Bircei). The movements, violent in 
Olt region, are quite reduced in the west, so that, while the Slatioara 
island is transformed into an unrecognizable "pienine," the Sacel 
island still retains the character of a true Miocene klippe. 

As a long-delayed result of the Mediterranean geosyncline, a 
stream chose its bed in the Levantine age alongside the skirt of the 
Carpathians, Gilortu westward, Matru eastward, the deposits from 

1 L. Mrazec (Bull. Soc. Sc, 1900, 1904, etc.) and E. de Martonne (Comptes Rendus 
de V Acad. Sc. Paris, 1901 and 1904) have described this depression, and especially 
E. de Martonne first adduced many facts for the tectonic origin of the Subcarpathian 
depression; my observations, in these adjoining figures and sketch, confirm their 
suggestion. 
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which stream can be seen on the eroded hills in the Subcarpathian 
depression. After this, there occurred in this region small disloca- 
tions only, which changed the hydrographic lines, 1 and from this time 
we have the rivers of Oltenia and the south Carpathian region as we 
know them at present. This last phenomenon is very important for 
the orography and hydrography of Oltenia; to this question of paleo- 
geography I intend soon to return. 

1 E. de Martonne has studied this depression exhaustively, and has brought out 
clearly the last movements of this region and of the whole of Oltenia (C. R. Ac. Paris, 
1904, etc.). 



